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CRF RECEPTOR ANTAGONISTS AND METHODS RELATING THERETO 

BACKGROUND OF THE INVENTION 

Field of the InventioD 

This invention lelates goieially to CRF receptor antagonists, and to 
S methods of treating disorders by administration of such antagonists to a wann-blooded 
animal in need thereof. 

Description of the Related Ait 

The first corticotropin-releasing &ctor (CRF) was isolated from ovine 
hypothalmi and identified as a 41-amino acid peptide (Vale et al.. Science 275:1394- 

10 1397, 1981). Subsequently, sequences of human and rat CRF were isolated and 
detennined to be identical, but different fi-om ovine CRF in 7 of the 41 amino acid 
residues (Rivier et al., Proc. Natl Acad Set USA 80:4851, 1983; Shibahara et al., 
EMBOJ. 2:775, 1983). 

CRF has been foimd to produce profound alterations in endocrine, 

15 nervous and immune system fimction. CRF is believed to be the major physiological 
regulator of the basal and stress-release of adrenocorticotropic hormone ("ACTH"), ft- 
endoiphin, and other pro-opiomelanocortin ("POMC")-deiived peptides from the 
anterior pituitary (Vale et al.. Science 2/5:1394-1397, 1981). Briefly, CRF is believed 
to initiate its biological effects by binding to a plasma membrane receptor which has 

20 been found to be distributed throughout the brain (DeSouza et al.. Science 224:^449- 
1451, 1984), pituitary (DeSouza et al.. Methods Enzymol. 124:560, 1986; Wynn etal., 
Biochem. Biophys. Res. Comm. 770:602-608, 1983), adrenals (Udelsman et al.; Nature 
57P:147-150, 1986) and spleen (Webster, EX., arid E.B. DeSouza, Endocrinology 
722:609-617, 1988). The CRF receptor is coupled to a OTP-binding protein (Penin 

25 et al.. Endocrinology 118:1171-1 179, 1986) which mediates CRF-stimulated increase in 
intracellular production of cAMP (BilezDcjian, L.M., and W.W. Vale, Endocrinology 
775:657-662, 1983). The receptor for CRF has now been cloned from rat (Periin et al., 
Endo 755(6):3058-3061, 1993), and human brain (Chen et al., PNAS P0(19):8967-8971, 
1993; Vita etal., FEES 555(l):l-5, 1993). This receptor is a 415 amino acid protein 
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comprising seven membrane spaoning domains. A comparison of identity betwfcen rat 
and human sequences shows a high degree of homology (97%) at the amino acid level. 

In addition to its role in stimulating the production of ACTH and POMC, 
CRF is also believed to coordinate many of the endorarine, autonomic, and behavioral 
5 responses to stress, and may be involved in 4e pathophysiology of affective disorders. 
Moreovor, CRF is believed to be a key intermediary in communicatioa between the 
immune, central nervous, endocrine and cardiovascular systems (Crofibrd et al., J. Clin. 
Invest. ^0:2555-2564, 1992; S^lsfcy et al.. Science 235:522-524, 1987; Tilders et al., 
Reg}d. Peptides 5:Tf-M, 1982). Overall, CRF appears to be one of the pivotal central 
10 nervous system neurotransmitters and plays a crucial role in integrating the body's 
overall response to stress. 

Administration of CRF directly to the brain elicits behavioral, 
physiological, and endocrine responses identical to those observed for an animal 
exposed to a stressiul envirorunent For example, intracerebrovraitricular injection of 
15 CRF results in behavioral activation (Sutton et al.. Nature 297:331, 1982), persistent 
activation of the electroencephalogram (Ehlers et al.. Brain Res. 278:332, 1983), 
stimulation of the sympathoadrenomedidlary pathway (Brown et al.. Endocrinology 
110:928, 1982), an increase of heart rate and blood pressure (Fisher etal., 
Endocrinology 110-2722, 1982), an increase in oxygen consumption (Brown et al.. Life 
20 Sciences 30:2(n, 1982), alt»ation of gastrointestinal activity (Williams etal.. Am. J. 
Physiol 2J5:G582, 1987), suppression of food consumption (Levine etal.. 
Neuropharmacology 22:337, 1983), modification of sexual behavior (Sirinathsinghji 
et al.. Nature 305:232, 1983), and immune function compromise (Irwin et al., Atn. J. 
Physiol 2J5:R744, 1988). Furthermore, clinical data suggests that CRF may be 
25 hypersecreted in the brain in depression, anxiety-related disorders, and anorexia 
nervosa. (DeSouza, Ann. Reports in Med Chem. 25:215-223, 1990). Accordingly, 
clinical data siiggests that CRF receptor antagonists may represent novel antidepressant 
and/or anxiolytic drugs that may be useful in the treatment of the neuropsychiatric 
disorders manifesting hypersecretion of CRF. 
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The first CRF receptor antagonists were peptides {see, e.g., Rivier et al., 
U.S. Patent No. 4,605,642; Rivier et al., Science 224M9, 1984). While these peptides 
established that CRF receptor antagonists can attenuate the pharmacological responses 
to CRF, peptide CRF receptor antagonists suffer from the usual drawbacks of peptide 
5 therapeutics including lack of stability and limited oral activity. More recently, small 
molecule CRF receptor antagonists have berai reported. For example, substituted 4- 
thio-5-oxo-3-pyyrazoline derivatives (Abreu et al., U.S. Patent No. 5,063,245) and 
substituted 2-aminotiiiazole derivatives (Courtemanche et al., Australian Patent No. 
AU-A^l 399/93) have been reported as CRF receptor antagonists. These particular 
1 0 derivatives were found to be effective in inhibiting the binding of CRF to its recq)tor in 
the 1-10 nM range and 0.1-10 |iM range, respectively. 

Due to the physiological significance of CRF, the development of 
biologically-active small molecules having significant CRF receptor binding activity 
and whidh are capable of antagonizing the CRF receptor remains a desirable goal. Such 
1 5 CRF receptor antagonists would be useM in the treatment of endocrine, psychiatric and 
neiirologic conditions or ilhiesses, including stress-related disorders m general. 

While significant strides have been made toward achieving CRF 
regulation flttough administration of CRF receptor antagonists, there remains a need in 
the art for effective small molecule CRF receptor antagonists. There is also a need for 
20 pharmaceutical compositions containing such CRF receptor antagonists, as well as 
methods relating to the use thereof to treat, for example, stress-related disorders. The 
present invention fulfills these needs, and provides other related advantages. 

SUMMARY OF THE INVENTION 

In brief, this invention is generally directed to CRF receptor antagonists, 
25 and more specifically to CRF receptor antagonists having the following general 
structure (I): 
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(0 

including steieoisomeis and pbamoaceiitically acceptable salts thoreof, 'wherein X, Ri, 

Ra and Ar are as defined below. 
5 The CRF receptor antagonists of this inv^tion have utility over a wide 

range of therapeutic applications, and may be used to treat a variety of disorders or 

illnesses, including stress-related disorders. Such methods include administering an 

effective amount of a CRF receptor antagonist of this invention, preferably in the form 

of a pharmaceutical composition, to an animal in need thereof. Accordingly, in another 
10 embodiment, pharmaceutical compositions are disclosed containing one or more CRF 

receptor antagonists of this invention in . combmation with a phannaceutically 

acceptable canier and/or dOuent. 

These and other aspects of the invention will be apparent upon reference 

to the following detailed description. To this end, various references are set forth herein 
15 which describe in more detail certain procedures, compounds and/or compositions, and 

are hereby incorporated by reference in their entirety. 

DETAILED DESCRIPTION OF. THE INVENTION 

The present invention is directed generally to compounds usefiil as 
corticotropio-releasing factor (CRF) receptor antagonists. 
20 In a first embodiment, the CRF receptor antagonists of this invention 

have the following structure (I): 
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0) 

including stereoisomers and phannaceutically acceptable sahs thereof, 
wherein: 




represents -N=CH-, -NH-CH2- or -NH-{CH2)2S 



XisNorCRs: 
R,is-CH(R4)(R3); 

R2 is Ci.«alkyl; ' , 

R3 is hydrogen or Cj-galkyl; 
10 R) is hydrogen, Cj^alkyl, mono- or di(C3^cycloalIq'l)methyl, 

Cs-ecycloalkyl, Cs^jalkenyl, hydroxyCj.«alkyl, Ci^alkylcarbonyloxyCi-salkyl, or 
Cj^alkyloxyCi-ealkyl, and 

Rs is Ci-galkyl, mono- or di(C3^cycloalkyl)methyI, Ar'CH2, Ca-ealkenyl, 
CwalkyloxyCi^alkyl, hydroxyCi-^alkyl, thienylmethyl, furanylmethyl, 
15 Ci.<alkylthioCj.<alkyl, moipholinyl, mono- or di(Ci-6alkyl)aniinoCi-6alkyl, 
• di(Ci.6aIl!yI)amino, Cj^alkylcarbonylCi.«aIlcyl, Ci^alkyl substituted with imidazolyl, or 
a radical of the formula -{CMalkanediyl)-0-CO-Ar', 

or R4 and Rs taken together with the carbon atom to which they are 
bonded form a Cs-gcycloalkyl optionally substituted with one or more substituents 
20 independently selected from Ci.^alkyl; 

Ar is phenyl substituted with 1, 2 or 3 substituents independently 
selected from halo, C|.6alkyl, trifluoromethyl, cyano, Ci^alkyloxy,- boizyloxy, 
Ci-ealkylthio, nitro, amino, and mono- or di(Ci^alkyl)amino; or an aromatic 
Cj-izheterocycle optionally substituted with 1, 2 or 3 substituents independently selected 
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from halo, Cj^kyl, tiifluoromethyl, hydroxy, cyano, Ci^aJkyloxy, benzyloxy, 
Ci.«a]kyhhio, nitro, ammo, mono- or di(C|.«alkyl)amino, and piperidinyl; and 

Ar' is phenyl, pyridinyl, or phoiyl substituted with 1, 2 or 3 substituents 
faidependently selected from halo, Ci-^alkyl, C|.«alkyloxy, di(C|.6alkyl)aminoCi.6alkyl, 
5 trifluoromethyl and Ci-^alkyl substituted with morpholinyl. 

In the context of this invention, the preceding terms have the meanings 
set forth below. 

"Ci-ealisyr or "Ci-salkyl" represents a straight chain or branched alkyl 
having from 1 to 6 carbon atoms or 1 to 8 carbon atoms, respectively, 
10 such as methyl, ethyl, n-propyl, isopropyl, n-butyl, tert-butyl, n- 

pentyl, and the like. 
"Ci^^alkyloxy" represents the group -0(Ci^alkyl). 
"Ci^alkylthio" represents the group -S(Ci.6allqfl). 
"Cs^cycloalkyl" represents a cyclic alkyl having from 3 to 6 carbon 
15 atoms, including cyclopropyl, cyclopentyl, cyclopentyl, and 

cyclohexyl. 

"Cj^cycloalkyl" represents a cyclic alkyl having from 5 to 8 carbon 
atoms, such as cyclopentyl, cyclohexyl, and the like. 

"C3.6alkenyr' represents an unsaturated sbaight chain or branched alkyl 
20 having from 3 to 6 carbon atoms, and having at least one double 

bond, such as propylene, l-buteine, 2-butene, 2-methylpropene, and 
the like. 

"HydroxyCi.<alkyl" represents a Ci.<alkyl substituted with at least one 
hydroxyl group. 

25 "Mono- or di(C3.6q'cloalkyl)methyr' represents a methyl, group 

substituted vdth one or two Cj-scycloalkyl groups, such as 
cyclopropylmethyl, dicyclopropylmethyl, and the like. 
"Ci.«alkylcarbonylCi..6alkyl" represents a Ci.6alkyl substituted with a 
-C0Ci.6alkyl group. 
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"Ci.«alkylcaibonyloxyCi-6alkyl" represents a Ci^alkyl substituted with a 

-COOCi-eallq'l group. 
"Ci-^alkyloxyCi^ealkyl" represents a Ci.«alkyl substituted with a. 

-OCi^^alkyl gn>iq>. 

5 "C|..«alkylfliioCi.«allqrr' represents a Ci-^alkyl substituted with a 

-SCi.«alkyl group. 

"Mono- or di(CMaIkyl)ainino represents an amino substituted with one 

Ci.€aikyl or with two Ci-ealkyls, respectively. 
"Mono- or di(Ci.6aIlg'l)aiiiinoC|.6alkyi'' represents aCj^ealkyl substituted 
1 0 with a mono- or di(Ci.6all!yl)ainiuo- 

"Ci.6alkanediyr represents a divalent Ci^alkyl radical, such as 

metlqrlene (-CH2-), ethylene {-CH2CH2-), and the like. 
"C3.i2heterocycle" represents a ring made up of more than one kind of 

atom, and which contains 3 to 12 carbon atoms, such as pyridinyl, 
15 pyrimidinyl, fiuanyl, thienyl, imidazolyl, thiazolyl, pyrazolyl, 

pyridazinyl, pyrazinyl, triazmyl (such as 1,3,5), and the like. 
"Halo" means fluoro, chloro, bromo or iodo. 

Representative CRF receptor antagonists of this invention include 
compounds having the following structures (la), (lb) and (Ic): 

20 




Ga) (lb) 
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When X of compounds ^a), (lb) and (Ic) is N, representative compounds 
of this invention include the following compounds (la"), Qti) and (Tc"), and when X is 
CR3, and R3 is hydrogen, representative compounds of this invention include the 
5 following compounds (la"), (lb") and (Ic"): 




m (lb") 
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In the embodiment where the R4 and Rs groups of Ri taken together form 
a Cs^cycloalkyl, the lesulting R| gxaap has the structure: 

When the above structure is optionally substituted with one or more Ci-ealkyI groups, a 
representative Ri moiety has the foDowing structure: 



^0,1 oi2 

10 ^7 

wherein Re and R7 are the same or different and independently selected from a 
Cj^alkyl, such as methyl or ethyl. 

Representative Ar, Ri and R2 groups of this invention are set forth in the 
1 5 following Table. To this end,- it should be understood that each combination of the Ar, 
Ri and R2 groups listed in the following Table 1 represents individual compounds of 
structure (T), as well as the more specific structures (la), (lb) and (Ic) and sub-structures 
(la'), Qa"), (lb'). (Ib'O, (IC) and (Ic"). 
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Table 1 

Represeotative Ar, Rj and R2 Groups of Structure (I) 
• NOTE: Each occunrraice of R in this Table is independently selected fiom a 
Ci-talkyl, snch as methyl or ethyl. 



At 


Ri 


R2 


2,4-dichlorophenyl 


-CH(n-propyI)2 


-CH3 


2-diloro-4-methyl-phenyl 


-CH(n-propyl)2 


-CH3 


2-methyl-4-chloro-pheiiyl 


-CH(n-propyl)2 


-CH3 


2,4,6-trimethyl-phenyl 


-CH(n-propyl)2 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 


2,4-dimethoxy-phenyl 


-CH(n-propyl)2 


-CH3 


4-dimethylamino-2-methyl-3-pyridyl 


-CH(n-propyl)2 


-CH3 


4-dimethylamino-6-methyl-3-pyridyl 


-CH(nrpropyl)2 


-CH3 


4-dimethyIamino-3-pyridyl 


-CH(n-propyl)2 


-CH3 


2,4-dichlorophenyl 


-CH(n-propyl)(CH20CH3) 


-CH3 


2-chloro-4-methyl-phenyl 


-CH(n-propyl)(CIfcOCH3) 


-CH3 


2-inethyl-4-chloro-pheny! 


-CH(n-propyl)(CH20CH3) 


-CH3 


2,4,6-trimethyl-phenyl 


-CH(n-propyl)(CH20CH3) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(n-propylXCH20CH3) 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(n-propyIXCH20CH3) 


-CH3 


2,4-dimethoxy-phenyl 


-CH(n-propylXCtt20CH3) 


-CH3 


4-dimethylamino-2-methyl-3-pyridyl 


-CH(n-propylXCH20CH3) 


-CH3 


4-dimethylamino-6-methyl-3-pyridyl 


-CHCn-propylXCHiOCHj) 


-CH3 


4-dimethylamino-3-pyridyl 


-CH(n-propyl)(CH20CH3) 


-CH3 


2,4-dichlorophenyl 


-CH(ben2yl)(CH20CH3) 


- -CH3 


2-chloro-4-methyl-phenyl 


-CH(ben2yl)(CH20CH3) 


-CH3 


2-methyl-4-chloro-phenyl 


-CH(benzyl)(CH20CH3) 


-CH3 
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At 


Ri 


R2 


2,4,6-trimethyl-phenyl 


-CH(benzyl)(CH20CH3) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(benzyl)(CH20CH3> 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(benzyl)(CH20CH3) 


-CH3 


2,4-dimelhoxy-plienyl 


-CH{ben2yl)(CH20CH3) 


-CH3 


4Hiimethylaimno-2-inethyl-3-pyridyl . 


-CHCbenzylXCHzOCHa) 


-CH3 


4-dimethyIamino-6-methyl-3-pyridyl 


-CH(beii:^l)(CH20CH3) 


-CH3 


4-dime1hylamino-3-pyridyl 


-CH(ben25rlXCH20CH3) 


-CH3 


2,4-dichloropheDyl 


-CH{CH20R)2 


-CH3 


2-chloio-4-methyl-phenyl 


-CH(CH20R)2 


-CH3 


2-metiQ'l-4-chloro-phenyl 


-CH(CH20R)2 


-CH3 


2,4,6-triinethyl-phenyl 


-CH(CH20R)2 


-CH3 


2-chloro-4-methoxy-pheayl 


-CH(CH20R)2 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(CH20R)2 


-CH3 


2,4-diniethoxy-phenyl 


-CH(CH20R)2 


-CH3 


4-dimethylamino-2-niethyl-3-pyridyl 


-CH(CH20R)2 


-CH3 


4-dimethylamiDO-6-methyl-3-pyridyl 


-CH(CH20R)2 


-CH3 


4-dimethylainino-3-pyridyl 


-CH(CH20R)2 


-CH3 


2,4-dichlorophenyl 


-CH(CH20R)(ethyl) 


-CH3 


2-chloTO-4-metbyl-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


2-methyl-4-chIoro-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


2,4,6-tiimethyl-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


2,4-dimethoxy-phenyl 


-CH(CH20R)(ethyl) 


-CH3 


4-dimethylamino-2-me1hyl-3-pyridyl 


-GH(CH20R)(ethyl) 


- -CHs 


4-dimethylainmo-6-methyl-3-pyridyl 


-CH(CH20R)(ethyl) 


-CH3 


4-dimethylainiiio-3-pyridyl 


-CH(CH20R)(ethyl) 


-CH3 • 
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At 


Ri 


R2 


2,4-dich]orophenyI 


-CH(CH20RXn-butyl) 


-CH3 


2-cliloro-4-inethyl-phenyl 


-CH(CH20R)(n-butyl) 


-CH3 


2-melhyl-4-chloro-phenyI 


-CHCCHiORXn-butyl) 


-CH3 


2,4,6-trirQethyI-phenyl 


-CH(CH20R)(n-butyl) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(CH20R)(n-butyl) 


-CH3 


2-methyl-4-methoxy-plienyl 


-CH(CH20R)(n-butyl) 


-CH3 


2,4-diinethoxy-phenyl 


-CH(CH20R)(n-butyi) 


-CH3 


4-cliinethylamino-2-methyl-3-pyridyl 


-CH(CH20R)Cn-butyl) 


-CH3 


4-dimethylamino-6-methyI-3-pyridyl 


-CH(CH20R)(n-butyI) 


-CH3 


4-dHnethylamino-3-pyridyl 


-CH(CH20R)(n-butyl) 


-CH3 


2,4-dichIorophenyl 


-CH(CH20R)(teit-butyl) 


-CH3 


2-chloro-4-methyl-plienyl 


-CH(CH20R)(tert-butyl) 


-CH3 


2-inethyl-4-chloro-phenyl 


-CH(CH20R)(tert-butyl) 


-CH3 


2,4,6-trimethyl-phenyl 


-CH(CH20R)(tert-butyl) 


-CH3 


2-chIoro-4-methoxy-phenyl 


-CH(CH20RXtert-butyl) 


-CH3 


2-methyI-4-methoxy-phenyl 


-CH(CH20RXtert-butyI) 


-CH3 


2,4-dimethoxy-phenyl 


-CH(CH20RXtert-butyl) 


-CH3 


4-dimethylamino-2-methyl-3-pyridyl 


-CH(CH20R)(teit-butyl) 


-CH3 


4-diniethylaniino-6-methyl-3-pyridyl 


-CH(CH20RXtert-butyI) 


-CH3 


4-dunethylaniino-3-pyridyl 


-CH(CH20RXtert-butyl) 


-CH3 


2,4-dichIoTophenyl 


-CH(CH20RX4-chlon>-ben2yl) 


-CH3 


2-cliloio-4-methyl-phenyl 


-CH(CH20RX4-chloro-benzyl) 


-CH3 


2-methyl-4-chloro-phenyl 


-CH(CH20RX4-chloro-benzyl) 


-CH3 


2,4,6-trimethyl-phenyl 


-CH(CH20R)(4-chloro-benzyl) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(CH20R)(4-chloro-benzyl) 


- -CHf 


2-methyl-4-methoxy-phenyl 


-CH(CH20R)(4-chIoro-benzyl) 


-CH3 


2,4-dimethoxy-phenyl 


-CH(CH20RX4-chloro-ben2yl) 


-CH3 
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At 


Ri 


R2 


4-dimethylamino-2-methyl-3-pyridyl 


-CH(CH20R)(4-chloro-ben2yl) 


-CH3 


4-dimethylamino-6-methyl-3-pyridyl 


-CH(CH20R)(4-chloro-ben2yI) 


-CH3 


4-dimethylamino-3-pyridyl 


-CH(CH20RX4-chIoro-benzyi) 


-CHa 


2,4-didhIoiophraiyI 


-CH(CH20RXCH2CH2SCH3) 


-CH3 


2-chloro-4-methyl-phenyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


2-iiiethyl-4-chloro-phenyl 


-CHCCHzORXCHiCHaSCHa) 


-CH3 


2,4,6-trimelhyl-phenyl 


-CHCCHzORXCHiCHzSCHa) 


-CH3 


2-chloro-4-methoxy-phenyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


2,4-dimethoxy-phenyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


4-dimethylamino-2-methyl-3-pyridyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


4-dimethylammo-6-methyl-3-pyridyl 


-CH(CH20R)(CH2CEbSCH3) 


-CH3 


4-dimethylainmo-3-pyridyl 


-CH(CH20R)(CH2CH2SCH3) 


-CH3 


2,4-dichlorophenyl 


-CH(CH2CH3)(CH20ben2yl) 


-CH3 


2-chloro-4-methyI-phenyl 


-CH(CH2CH3XCH20beiizyl) 


-CH3 


2-metbyl-4-chloro-phenyl 


-CH(CH2CH3)(CH20benzyl) 


-CH3 


2,4,6-trimethyl-phenyI 


-CH(CH2CH3)(CH20ben2yl) 


-CH3 


2-diloro-4-methoxy-phenyl 


-CH(CH2CH3XCH20benzyl) 


-CH3 


2-methyl-4-methoxy-phenyl 


-CH(CH2CH3)(CH20benzyl) 


-CH3 


2,4-dimethoxy-phenyl 


. -CH(CH2CH3XCH20benzyl) 


-CH3 


4-dimethylaniino-2-inethyl-3-pyridyl 


-CH(CH2CH3XCH20benzyl) 


-CH3 


4-dime1hylammo-6-methyl-3-pyridyl 


-CH(CH2CH3)(CH20benzyl) 


-CH3 


4-diraethylammo-3-pyridyl 


-CH(CH2CH3)(CH20benzyl) 


-CH3 


2,4-dichlorophenyl 


.CH(n-butyl)2 


-CH3 


4-isopropyl-pheny! 


-CH(n-propyl)2 


- -CH3 


4-chloro-phenyl 


-CH(n-propyl)2 


-CH3 


4-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 
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At 


Ri 


R2 


4-t-bulyl-phenyl 


-CH(n-propyl)2 


-CH3 


2-benz»fiiranyl 


-CH(n-propyl)2 


-CH3 


3,4-dimethoxy-phenyl 


-CH(n-propyl)2 


-CH3 


2-chlQro-phenyl 


-CH(ii-propyl)2 


-CH3 


2-beQzothiophenyl 


-CH(n-propyl)2 


-CH3 


4-trifluoromethyl-phenyl 


-CH(n-propyl)2 


-CH3 


4-metliyllliio-phenyl 


-CH(n-propyl)2 ■ 


-CH3 


3-isopropyl-6-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 


4-trifluoromelhoxy-phenyl 


-CH(n-propyl)2 


-CH3 


3-trifluorome1hyl-phenyl 


-CH(n-propyl)2 


-CH3 


dibenzoiuranyl 


-CH(n-propyl)2 


-CH3 


2,4-dichlorophenyl 


3-methyIcyclohexyl 


-CH3 



The compounds of the present inveDtion may be prepared by known 
organic synthesis techniques, including the methods described in more detail in the 
Examples, and may generally be utilized as the free base. Alternatively, the compounds 
of this invention may be used in the form of add addition salts. Acid addition salts of 
5 the free base amino compounds of the present invention may be prepared by methods 
well known in the art, and may be formed from organic and inorganic acids. Suitable 
organic acids include maleic, frimaric, benzoic, ascorbic, succinic, methanesulfonic, 
acetic, oxalic, propionic, tartaric, salicylic, citric, gluconic, lactic, mandelic, cinnamic, 
aspartic, stearic, pahnitic, glycolic, glutamic, and benzenesuLfbnic acids. Suitable 
10 inorganic acids include hydrochloric, hydrobromic, sulfuric, phosphoric, and nitric 
acids. 

The effectiveness of a compound as a CRF receptor antagonist may be 
determined by various assay methods. Suitable CRF antagonists of this inventioa are 
capable of mhibiting the specific binding of CRP to its receptor and antagonizing 
15 activities associated with CRF. A compoimd of structure "(1) may be assessed for 
activity as a CRF antagonist by one or more generally accepted assays for this purpose. 
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including (but not limited to) the assays disclosed by DeSouza et al. {J. Neuroscience 
7:88, 1987) and Battaglia et aL (Synapse 7:572, 1987). As mentioned above, suitable 
CRF antagonists inchide compo\mds which demonsbate CRF receptor afBnity. CRF 
receptor affinity may be detennined by binding studies that measure the ability of a 
5 compound to inhibit the binding of a radiolabeled CRF (e.g., [*^]tyrosine-CFR) to its 
receptor (e.g., receptors prepared from rat cerebral cortex membranes). The radioligand 
binding assay described by DeSouza etal. (supra, 1987) provides an assay for 
determining a compound's affinity for the CRF receptor. Such activity is typically 
calculated from the IC$o as the concentration of a compoimd necessary to displace 50% 
10 of the radiolabeled ligand from the receptor, and is reported as a "K|" value calculated 
by the following equation: 

. K- =— 

' I.+ L/Kd 

1 5 where L = radioligand and Kd = affinity of radioligand for receptor (Cheng and PrusofF, 
Biochem. Pharmacol. 22:3099, 1973). 

In addition to inhibiting CRF receptor binding, a compoimd's CRF 
receptor antagonist activity may be established by the ability of the compound to 
antagonize an activity associated with CRF. For example, CRF is known to stimulate 

20 various biodiemical processes, including adenylate cyclase activity. Therefore, 
compounds may be evaluated as CRF antagonists by their ability to antagonize CRF- 
stimulated adenylate cyclase activity by, for example, measuring cAMP levels. The 
CRF-stimulated adenylate cyclase activity assay described by Battaglia etal. (supra, 
1987) provides an assay for determining a compound's ability to antagonize CRF 

25 activity. Accordingly, CRF receptor antagonist activity may be determined by assay 
techniques which generally include an initial binding assay (such as disclosed by 
DeSouza (supra, 1987)) followed by a cAMP screening protocol (such as disclosed by 
Battaglia (j^pra, 1987)). 

With reference to CRF receptor binding affinities, CRF receptor 

30 antagonists of this invention have a Ki of less than 10 jiM. In a preferred embodiment 
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of this invention, a CRF receptor antagonist bas a Ki of less than 1(jlM, and more 
preferably less than 0.25 nM (ie.. 250 nM). 

The CRF receptor antagonists of the present inveaition demonstrate 
activity at the CRF receptor site, and may be used as therapeutic agoits for the treatment 
5 of a wide range of disorders or illnesses including endocrine, psychiatric, and 
neurologic disorders or illnesses. More specifically, the CRF receptor antagonists of the 
present invention may be usefid in treating physiological conditions or disorders arising 
from the hypersecretion of CRF. Because CRF is believed to be a pivotal 
neurotransmitter that activates and coordinates the endocrine, behavioral and automatic 

10 responses to stress, the CRF receptor antagonists of the present invention can be used to 
treat neuropsychiatric disorders. Neuropsychiatric disorders which may be treatable by 
the CRF receptor antagonists of this invention include affective disorders such as 
depression; anxiety-related disorders such as generalized anxiety disorder, panic 
disorder, obsessive-compulsive disorder, abnormal aggression, cardiovascular 

15 abnormalities such as unstable angina and reactive hypertension; and feeding disorders 
such as anorexia nervosa, bulimia, and irritable bowel syndrome. CRF antagonists may 
also be useful in treating stress-induced iomiune suppression associated with various 
disease states, as well as stroke. Other uses of the CRF antagonists of this invention 
include treatment of inflammatory conditions (such as rheumatoid arthritis, uveitis, 

20 asthma, inflammatory bowel disease and G.I. motility), Cushing's disease, iniantile 
spasms, epilepsy and other seizures in both' infants and adults, and various substance 
abuse and withdrawal (including alcoholisni). 

In another embodiment, compounds of tfais invention and their analogs 
may be used as Positron Emission Tomography (PET) ligands. Single Photon Emission 

25 Computed Tomography (SPECT) ligands, or other diagnostic radiopharmaceutical 
agents. Incorporation of an appropriate isotope (such as *'C or "F for PET or "^I in the 
case of SPECT) may provide an agent useful for the diagnosis or therapeutic 
management of a patient. In addition, use of a compound of the present invention may 
provide a physiological, functional, or biological assessment of a patient or provide 

30 disease or pathology detection and assessment. 
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In another embodiment of the invention, phannaceutical compositions 
containing one or more CRF receptor antagonists are disclosed. For the purposes of 
administration, the conopomids of the present invention may be fonnulaled as 
phannaceutical compositions. Phannaceutical compositions of the present invention 
5 comprise a CRF receptor antagonist of the present invention (Le., a compound of 
structure Q)) and a phannaceutically acceptable carrier and/or dihient The CRF 
receptor antagonist is present in the composition in an amount which is effective to treat 
a particular disorder-that is, in an amount sufficient to achieve CRF receptor antagonist 
activity, and preferably with acceptable toxicity to the patient. Preferably, the 

10 phannaceutical compositions of the present invention may include a CRF receptor 
antagonist in an amount from 0.1 mg to 250 mg per dosage depending upon the route of 
admini stration, and more preferably from 1 mg to 60 mg. Appropriate concentrations 
and dosages can be readily determined by one skilled in the art. 

Phaimaceutically acceptable carrier and/or diluents are familiar to those 

15 skilled in the art. For compositions formulated as hquid solutions, acceptable carriers 
and/or diluents include saline and sterile water, and may optionally include antioxidants, 
buffers, bacteriostats and oth» common additives. TThe compositions can also be 
formulated as pills, capsules, granules, or tablets ■wiiich contain, in addition to a CRF 
receptor antagonist, diluents, dispersing and surface active agents, binders, and 

20 lubricants. One skilled in this art may fiirther formulate the CRF receptor antagonist in 
an appropriate manner, and in accordance with accepted practices, such as those 
disclosed in Remington's Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., 
Easton, PA 1990. 

In another embodiment, the present invention provides a method for 
25 treating a variety of disorders or illnesses, including endocrine, psychiatric and 
neurologic disorders or illnesses. Such methods include administering of a compound 
of the present invention to a warm-blooded animal in an amount sufficient to treat the 
disorder or iUness. Such methods include systemic administration of a CRF receptor 
antagonist of this invention, preferably in the form of a phannaceutical composition. As 
30 used herein, systemic administration includes oral and parenteral inethods of 
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administration. For oral administration, suitable pharmaceutical compositions of CRF 
receptor antagonists include powders, granules, pills, tablets, and capsules as well as 
liquids, syxups, suspensions, and emulsions. Hiese compositions may also include 
flavorants, preservatives, suspending, thickening and emulsifying agents, and other 
5 phannaceutically acceptable additives. For parmtal administration, the compounds of 
the present invention can be prepared in aqueous injection solutions which may contain, 
in addition to the CRF receptor antagonist, buffers, antioxidants, bacteriostats, and other 
additives commonly employed in such solutions. 

As mentioned above, administration of a compound of the present 

10 invraition can be used to treat a wide variety of disorders or illnesses, hi particular, the 
compounds of the present invention may be administered to a warm-blooded animal for 
the treatment of depression, anxiety disorder, panic disorder, obsessive-compidsive 
disorder, abnormal aggression, unstable angina, reactive hypertension, anorexia nervosa, 
bulimia, initable bowel syndrome, stress-induced immune suppression, stroke, 

15 inflammation, Cushing's disease, in&ntile spasms, epilepsy, and substance abuse or 
withdrawal. 

The following examples are provided for purposes of illustration, not 

limitation. 

20 EXAMPLES 

The CRF receptor antagonists of this invention may be prepared by the 
methods disclosed in Examples 1-2. Example 3 presents a method for determining the 
receptor binding activity (IQ) of compounds of tbis invention, while Example 4 
25 discloses an assay for screening compounds of this invention for CRF-stimulated 
adenylate cyclase activity. 
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EXAMPLE 1 

Synthesis of Representative Compounds 
ofStruciurbCIa) 




(7) m 

5 

Structure da'") 

3-amino-2-r2.4.6-trimethYllphenvl pyridine (2) (when X=N and Ai=2, 4, 6- 
trimethylphenyl) 

A mixture of 3-ammo-2-chloropyridine (1) (2 g, ISmmoI, 1 eq.), 
10 trimethylphenylboronic acid ("Ar-B(0H)2") (23 g, 14 nunol, 0.9 eq.), cesium fluoride 
(4.7 g, 31 mmol, 2 eq.) and tetrakis(triphenylphosphine)palladium(0) (0.5 g, 4%mol) 
were heated at reflux in anhydrous DME under N2 atmosphere overnight. After cooling 
down at room temperature, solvents were evaporated under reduced pressure. The 
residue was dissolved in ethyl acetate, washed with water (3x50 mL). Hie aqueous 
15 phases were combined, extracted with ethyl acetate (3x50 mL). The organic phases 
were combined, extracted with a brine solution (50 mL) and dried vrith Na2S04. 
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Compound (2) was purified by liquid diromatograpfay on silica gel with hexanes/ ethyl 
acetate 8/2 as eluent mixture (RJf=0.4). 3 g of a transparent.oil was obtained. LC7MS 
(positive) 213 (M+1). 

3- amino-2-f2.4-dichloro'h)heavl pyridine (2") (vihea X=M and Ait?2, 4-dichlorophenyO 
5 The same procedure was employed as for isompound (2) above, but using 

2,4-dichlorophenylboronic acid in plac6 of Ar-B{0H)2. LC/MS (positive) 238 (M+1). 

4- hvdroxv 2-methyl 8-('2.4.6-trimethvl'>phcnvl-1.7-naphthvridine (3) 

A solution of 1.5 g of 3-amino-2-(2,4,6-trimethyl)pheayl pyridine (2) 
(7.07 mmol, 1 eq.), 1.6 mL of ethylacetoacetate (12mmol, 1.7 eq.) and a 200 mg of 

10 paratoluenesulibnic acid in 40 mL of m-xylene was refluxed with a Dean-Stark trap for 
about 1.5 hour. The m-xylene was removed. The residue was added to 4niL of 
diphenylether and heated until all the intermediate compound reacted (about lOmin). 
The ring-closure was followed by LC/MS. After cooling down at room temperature, 
100 mL of hexanes were added allowing compound (3) to crash out and used without 

1 5 fiortber purification. LC/MS Opositive) 279 ^+1). 

4-hYdroxv-2-methvl 8-f2.4-dichloro)phenYl-1.7-naphtbvridine (31 

Same procedure was employed as for compound (3) above, but using 
compoimd (2*) in place of compound (2). LC/MS positive 305 (M+1). 

4-chloro 2-methYl 8-f2.4.6-trimethvl)phenvl-1.7-naphthvridine (4) . 

20 4-hydroxy-2-methyl-8-trime1hylphenyl-l,7-naphthyridine (3) was 

refluxed in 10 mL of POCI3 for 5 hours. After cooling down at room temperature, the 
reaction mixture was poured on ice and neutralized with a 6N NaOH solution. The 
product was extracted with ethyl acetate (3x50 mL). The organic phases were 
combined, washed with water (2x50 mL), a brine solution (1x50 mL) and dried with 

25 sodium thiosulfate. Compound (4) was purified by liquid chromatography on silica gel 
(hexanes/ethyl acetate 9/1, Rf 0.6). The reaction was quantitative. LC/MS (positive) 
297 (M+1). 
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4-chloro-2-methvl-8-f2.4-dichloro')phenyl-l .7-naohthvridme (4') 

Same procedure was employed as for compound (4) above, but using 
compound (3 ") in place of compound (3). LC/MS (positive) 342 (M+1). 

4-chloro-2-methvi-S-nitro-8-(2.4.6-trimethvl'h)henvl-l .7-naphtfavridine (5) 
5 4-chloro-2-methyl-8-trimetiiy^henyl-l,7-iiaphthyridine (4) (521 mg, 

1.76 mmol, 1 eq.) was added to 0.9 pL of sulfuric add 97% in an ice-bath. The 
mixture was heated at 55°C and 124 pi of mtric acid 70% (1.93 mmol, 1.1 eq.) were 
added. The reaction mixture was then stirred at 55 C for 5 hours, cooled down, poured 
into 20 mL of ice water and partially neutralized with 6N NaOH solution. The product 
10 was then extracted with ethyl acetate (3x50 mL). The organic phases were combined, 
washed with water (2x50 mL), a brine solution (1x50 mL) and dried with sodivim 
thiosul&te. Compound (5) was used with fiirther purification for the following step. 
LCMS (positive) 342 (M+1). 

4-chloro-2-methvl-5-nitro-8-(2.4-dichloro)phenvl-l ,7-naphthvridine (5 1 
15 Same procedure was employed as for compound (5) above but usmg 

compound (4') in place of compound (4). 

4-fN-4-heptvl amino)-2-methvl-5-nitro-8-(2.4.6-trimethvl')phenvl-1.7-naphthvridine (6) 

4-chloro-2-methyl-5-mtro-8-(2,4,6-trimethyl)phenyl-l,7-naphthyridine 
(5) was heated in an excess of 4-heptylamine (0.5mL) with paratoluene sulfonic acid at 
20 165 "C in a reacti-vac overnight After cooling down at room temperature, the reaction 
mixture was diluted in ethyl acetate and passed through a plug of silica gel. Solvents 
were evaporated and compound (6) used in the following step without purification. The 
reaction was quantitative. LCVMS (positive) 421 (M+1). 

4-(N-4-hep tYl amin o>-2-methvl-5-nitro-8-(2.4-dichloro'>Dhenvl-1.7-naphthyridine (60 
25 Same procedure was employed as for compound (6) above, but using 

compoxmd (5") in place of compound (5). 

4-W-4-heptvlaminoV2-methY) -5-amino-8 -a.4.6-trimethvl)phenvl-1.7-naphthvfidine(7) 

4-(N-4-heptylamino)-2-methyl-5-nitro-8-(2,4,6-trimethyI)phenyl- 1 ,7- 
naphthjridine (6) was added to a suspension of palladium on carbon (10% and a drop of 
30 acetic acid in methanol. The mixture was shaken for 20 hours under hydrogen pressure 
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(35 psi) at room temperature. The catalyst was removed by fUtration under celite and 
tire solvents evaporated. Comjjound (7) was iised in the following step without 
puiificalion. The reaction was quantitative. LC/MS (positive) 391 (M+1). 

4-ft^-4-heptvlammoV2-methYl-S-aimno-8-f2.4-dichloro)phenvl-1.7-naphthvridine('7') 
5 To a solution of 4-CN-4-heptylamino)-2-meaiyI-5-nitro-8-(2,4- 

dichIoro)phenyl-l,7-naphthyridine (60 (153mg, 0.36mmol, leq.) in THF (8.5 mL) was 
added a solution of Na2-S2-C>3 in water (4.3 mL). The reaction mixtuie was heated at 60 
°C for 2 hours. After cooling down at room tenq)erature th4 product was extracted with 
ethyl acetate (3x50 mL). The organic phases were combined, washed with water (2x50 
10 mL), a brine solution (1x50 mL) and dried with sodium thiosulfate. Solvents were 
evaporated and compound (7') was purified by PTLC (ethyl acetate/hexanes 1/9 Rf 0.1). 

Compound f 8) 

lOOmg of 4-(N-4-heptylammo)-2-methyl-5-aniino-8-(2,4,6-trimethyl) 
phenyl-l,7-naphthyridine (7) (0.4mmol) was treated with triethylorthofonnate (2 mL) at 
15 refhix for 16 hours. After cooling down at room tenqjerature and evaporation of the 
solvent, the product was extracted with ethyl acetate (3x20 niL). The organic phases 
were combined, washed with water (10 mL), a brine solution (10 mL) and dried with 
sodium thiosulfate. Solvents were evaporated and compoimd (8) was purified by PTLC 
(ethyl acetate/hexanes 1/1). LC7MS (positive) 400 (M+l). 

20 Compound (8') 

Same procedure was employed as for compoimd (8), but using 
compound (7') in place of compound (7). 



Structure fla") 

25 Compounds of structure (la") may be made by the same procedures as 

disclosed above, but employing 2-chloro-amline as compoimd (1) in place of 3-amino- 
2-chloropyridine. . By this technique, the compounds listed in the fiollowing Table 2 
were prepared. 
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Table 2 

Representative Compounds of Structure (Ia") 




Ar 



Ar 


Ri 


R2 


MW 


2,4-dichIorophenyl 


-CH(n-propyl)2 


-CH3 


426 


4,6-dimethoxy-phenyl 


-CH(n-propyl)2 


-CH3 


417 


4-methoxy-5-melhyl-phenyl 


-CH(n-propyl)2 


-CH3 


401 


2,4-diclilorophenyl 


-CH(ethyl)2 


-CH3 


398 


2,4-dichlorophenyl 


-CH(n-butyl)2 


-CH3 


454 


4-isopropyl-phenyl 


-CH(n-propyl)2 


-CH3 


400 
(M+1) 


4-chloro-phenyl 


-CH(n-propyl)2 


-CH3 


393 
(M+1) 


4-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 


388 
(M+1) 


4-t-butyl-phenyl 


-CH(a-propyl)2 


-CH3 


414 
(M+1) 


2-benzofiiranyl 


-CH(n-propyl)2 


-CH3 


398 
(M+1) 


3,4-dimethoxy-phenyl 


-CH(n-propyl)2 


-CH3 


392 


2-chloro-pbenyl 


-CH(n-propyl)2 


-CH3 


399 


2-benzothiophenyl 


-CH(n-propyl)2 


-CH3 


413 


4-trilluoromethyl-phenyl 


-CH(n-propyI)2 


-CH3 


425 


4-metbylthio-phenyl 


-CH(n-propyl)2 


-CH3 


403 


5-isopropyl-2-methoxy-phenyl 


-CH(n-propyl)2 


-CH3 


429 


4-trifluoromethoxy-phenyl 


-CH(n-propyl)2 


-CH3 


441 
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Ar 


Ri 




MW 


3-trifluoromethyl-phenyI 


-CH(n-propyl)2 


-CH3 


425 


dibenzofiiiaiiyl 


-CH(ii-propyl)2 


-CH3 


447 


2,4-dicMorophenyl 


3-methylcyclohesxyl 


-CH3 


424 



EXAMPLE 2 

Synthesis of Representattve Compounds 
OF Structure (Lb) and (Ic) 




5 (K)) n = 2 

Structures fib') and Qc') 

Compound (9) 

10 lOOmg of 4-(N-4-heptylamino)-2-methyl-5-ammo-8-(2A6-trimethyl) 

phenyl-l.y-naphtbyridine (7) (0.4iiiinol), 30 of dibromopropane and 100 mg of 
K2CO4 were dissolved in 2 mL of 2-butanone. The reaction mixture was heated at 85 
°C for 4 hours in a reacti-vac. After cooling down at room temperature compound (9) 
was extracted with ethyl acetate (3x20 mL). The organic phases were combined, 

15 washed with water (10 mL), a biine solution (10 mL) and dried with sodium thiosulfete. 
Solvents were evaporated and compound (9) was purified by PTLC (ethyl 
acetate/hexanes 1/1)^ 
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Compound (9*) 

Same procedure was employed as for compound (9), but using 
compound (7") in place of compound (7). 

Compound (10) 

5 100 mg of 4-(4-heptylamino)-2-metliyl-5-amino-8-C2,4,6-trimethyl) 

phenyl-l,7-n£q)h1hyridine (7) (0.4mmol), 30 \il of dibromopropane and 100 mg of 
K2CO3 were dissolved in 2 mL of 2-butanone. The reaction naixture was heated at 85 
"C for 4 hours in a reacti-vac. After cooling down at room temperature compound (10) 
was extracted with ethyl acetate (3x20 mL). The organic phases were combined, 
10 washed with water (10 mL), a brine solution (10 mL) and dried with sodium thiosulfete. 
Solvents were evaporated and compound (10) was purified by PTLC (ethyl 
acetate/hexanes 1/1). LC/MS (positive) 414 (M+1). 

Compound (10*) 

Same procedure was employed as for compound (10), but using 
15 compound (7") in place of compound (7). 

Structures CQ>") and qc") 
Compounds of structure (lb") and (Ic") may be made by the same 
procedures as disclosed above, but employing, 2-chloro-aniline as compound (1) 
20 (X=CH) in place of 3-amino-2-chloropyiidine. By this technique the following 
representative compound of structure (Ic") was made: Ar = 2,4-dichlorophenyl, Ri = - 
CH(n-propyl)2 and R2 = -CH3 (MW = 442). 

' EXAMPLES 

Representattvb Compounds Ha viNG 
25 CRF Receptor Binding Acttvity 

The compounds of this invention may be evaluated for binding activity 
to the CRF receptor by a standard radioligand binding assay as generally described by 
DeSouza et al. (J. NewoscL 7:88-100, 1987). By utilizing various radiolabeled CRF 
ligands, the assay may be used to evaluate the binding activity of the compounds of the 
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present invention with any CRF recq>tor subtype. Briefly, the binding assay involves 
the displacement of a radiolabeled CRF ligand fiom the CRF recq>tor: 

More spedficaily, the binding assay is performed in 1.5 mL Eppendorf 
tubes using approximately 1x10^ cells per tube stably transfected with hiunan CRF 
5 receptors. Each tube receives about 0.1 mL of assay buffer (eg., Dulbecco's phosphate 
buffered saline, 10 mM noagnesium chloride, 20 fiM bacitcacin) with or without 
unlabeled sauvagine, urotensin I or CRF (final concratratioii, 1 jiM) to determine 
nonspedfic binding, 0. 1 noL of tyrosine - ovine CRF (final cpncentiation ~200 pM 
or approximately the Kd as determined by Scatchard analysis) and 0.1 mL of a 

10 membrane suspension of cells containing the CRF receptor. The mixture is incubated 
for 2 hours at 22 "C followed by the separation of the bound and firee radioligand by 
ceritrifiigation. Following two washes of the pellets, the tubes are cut just above the 
pellet and monitored in a ganoma counter for radioactivity at approximately 80% 
efficiency. All radioligand binding data may be analyzed using the non-linear least- 

15 square curve-fitting program LIGAND of Mimson and Rodbard {AnaL Biochem. 
107:220, 1990). 

EXAMPLE 4 
CRF-Stimulated Adenylate Cycxase Acnvrrv 

The compounds of the present invention nuy also be evaluated by 
20 various fimctional testing. For example, the compounds of the present invention may be 
screened for CRF-stimulated adenylate cyclase activity. An assay for the determination 
of CRF-stimulated adenylate cyclase activity may be performed as generally described 
by BattagUa et al. {Synapse 7:572, 1987), with modifications to adapt the assay to whole 
cell preparations. 

25 More specifically, the standard assay mixture may contain Ae following 

in a final volume of 0.5 mL: 2 mM L-glutamine, 20 mM HEPES, and 1 mM IMBX in 
DMEM buffer. In stimulation studies, whole cells with the transfected CRF receptors 
are plated in 24-well plates and incubated for 1 h at 37 °C with various concentrations 
of CRF-related and unrelated peptides in order to establish the pharmacological rank- 
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order profile of the particular receptor subtype, Followmg the incubation, the media is 
aspirated, the wells rinsed once gently with fiesh media, and the media aspirated. To 
determine the amount of intracellular cAMP. 300 |J of a solution of 95% ethanol and 
20 mM aqueous hydrochloric acid is added to each well and the resulting suspensions 

5 are incubated at -20 "C for 16 to 18 hours. The solution is removed into 1.5 noL 
Eppendorf tubes and the wells washed with an additional 200 of ethanol/aqueous 
hydrochloric acid and pooled with the first fiaction. The samples are lyopMlized and 
then resuspended with 500 |il sodium acetate buffer. The measurement of cAMP in Hha 
samples is paformed using a single antibody Idt &om Biomedical Technolo^es Inc. 

10 (Stoughton, MA). For the functional assessment of the compounds, a single 
concentration of CRF or related peptides causing 80% stimulation of cAMP production 
is incubated along with various concaitrations of competing compounds (10' to 
10-* M). 

It will be appreciated that, although specific embodunents of the 
1 5 mvention have been described harein for purposes of illustration, various modificadons 
may be made vnthout departing firom the spirit and scope of the invraition. Accordingly, 
the invention is not limited except as by the appended claims. 
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CLAIMS 



1 . A compound having the follovnng structure:' 




including stereoisomers and pharmaceutically acceptable salts thereof, 
wherein: 

represents -N=CH-, -NH-CH2- or -NH-CCHjV; 
XisNorCRs; 
R,is-CH(R4)(R5); 
R2 is Ci^alkyl; 
R3 is hydrogen or Ci^alkyl; 

R4 is hydrogen, Ci-ealkyl, mono- or di(C3-6cycloalkyl)methyl, Cj^doallcyl, 
Cs-ealkenyl, hydroxyCi^alkyl, Ci.6alkylcarbonyloxyCi.6alkyl, or C,^alkyloxyC,.<alkyl, and 

R5 is Ci^alkyl, mono- or di(C3^cloa]kyl)methyl, Ai'CHz, Cs^enyl, 
Ci-fialkyloxyCi-ealkyl, hydroxyCi.«allcj'l, thienyhnethyl, fiiranylmethyl, Ci^allcylthioCj^salkyl, 
morpholinyl, mono- or di(Ci^aIkyl)aminoCuaIkyl, di(Ci.6alkyl)amino, 
Ci.6allcylcarbonylCj^alkyl, Cj^alkyl substituted with imidazolyl, or a radical of the formula 
-(Ci^alkanediyl)-0-CO-Ar', 

or R4 and R5 taken together with the carbon atom to which they are bonded 
form a Cs-gcycloalkyl optionally substituted with one or more substituents indep«idently 
selected from Cj^alkyl; 

Ar is phenyl substituted with 1, 2 or 3 substituents independently selected from 
halo, Ci^alkyl, trifluoromethyl, cyano, Cwalkyloxy, benzyloxy, CMalkylthio, nitro, amino, 
and mono- or di(Ci^a]kyl)amino; or an aromatic Cs-uheterocycle optionally substituted with 
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1, 2 or 3 substituents independently selected from halo, Cwalkyl, trifluoromethyl, hydroxy, 
cyano, Cj-^alkyloxy, benzyloxy, Cj-salkylthio, nitro, amino, mono- or di(Ci:<alkyl)amino, and 
piperidinyl; and 

Ar" is phenyl, pyridinyl, or phenyl substituted with 1, 2 or 3 substituents 
indepaidenlfy selected from halo, C,.6alkyl, Ci^alkylojiy, di(Ci.62lkyl>nnnoCi.6allg'l, 
trifluoromethyl and Ci.«alkyl substituted with morpholinyl. 



2. 



The compound of claim 1 having the structure: 




At 



3. 



The compound of claim 1 having the structure: 




At 



4. 



The compound of claim 1 having the structure: 



HN 



"N 




Ar 
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The compound of claim 1 having the structure: 




The compound of claim 1 having the structure: 




N Ra 



The compound of claim 1 having the structure: 



HN N'^ 




The compoimd of clafan I wherein Ar is 2,4-dichlorophenyl. 



The compound of claun 1 wherein Ar is 2-chloro-4-methyl-phenyl. 



The compound of claim 1 wherein Ar is 2-methyl-4-chloro-phenyl. 
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11. The compound of claim 1 wherein Ar is 2,4,6-trimethyl-phenyL 

1 2. The compound of claim 1 wherein Ar is 2-chloro-4-methoxy-phenyl. 

1 3. Thie compound of claim 1 wherein Ar is 2-methyl-4-methoxy-phenyl. 

1 4. The compound of claim 1 wherein Ar is 2,4-dimetho3iy-phenyL 

15. The compound of claim 1 wherein Ar is 4-dimethylamino-2-methyl-3- 



pyridyl. 



pyridyl. 



16. The compound of claim 1 wherein Ar is 4-dimethylamino-6-methyl-3- 

17. The compound of claiin 1 vs*erein Ar is 4-dunethylamino-3-pyridyl. 

1 8. The compound of claim 1 wherein Ri is -CH(n-propyl)2. 

1 9. ITie compound of claim 1 \*erem Ri is -CH(n-propylXCH20CH3). 

20. The compound of claim 1 vrfierein Rj is -CH(ben2yl)(CH20CH3). 



21. The compound of claim 1 wherem Ri is -CH(CH20R)2 and each 
occurrence of R is independently selected &om Ci^salkyL 

22. The compound of claim 1 >)siiereui Ri is -CH(CH20R)(ethyl) and each 
occurrence of R is indepoidently selected from Ci.«alkyl. 

23. The compound of claim 1 wherein Rj is -CH(CH20R)(n-butyl) and 
each occurrence of R is independently selected from Ci-galkyl. 
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24. The compound of claim 1 wherein Rj is -CH(CH20R)(tert-butyl) and 
each occunence of R is independently selected fiom Ci^kyl. 

25. The compound of claim 1 wherein Ri is -CH(CH20R)(4-chloro- 
ben2yl) and each occunence of R is independenlly selected from Ci.fialkyl. 

26. The compound of daim 1 wherein Rj is -CH(CH20R)(CH2CH2SCH3) 
and each occurrence of R is independently selected from Ci-ealkyl. 

27. The compound of claun 1 wherein Rj -CH(CH2CH3)(CH20ben2yl). 

28. The compound of claim 1 wherein R2 is methyl. 

29. The compomd of claim 1 wherein R2 is ethyl. 

30. A pharmaceutical composition comprising a compoimd of claim 1 in 
combinatiou with a phannaceutically acceptable carrier or diluent. 

31. A method for treating a disorder manifesting hypersecretion of CRF in 
a warm-blooded animal, comprising administering to the animal an effective amo\mt of the 
pharmaceutical composition of claim 30. 

32. The method of claim 31 wherein the disorder is stroke. 

33. The method of claim 31 wherein the disorder is anxiety. 

34. The method of claim 31 wherein the disorder is depression. 

35. The method of claim 31 wherein the disorder is irritable bowel 
syndrome. 



